THE FACT that mammalian hearts have lymphatics has been known for a long time. Rudbeck1 first mentioned them in 1653. The most recent careful anatomic study was reported in 1939,2 with a considerable number of anatomic studies published during the almost 300 intervening years. In 1940 Drinker and his group3 published their pioneer studies on cardiac lymph obtained in the dog. They believed that the lymphatic system of the heart could have a major role in this organ's metabolic economy, even as had been proved for other organs in the body. Nevertheless, to the best of our knowledge, the lymphatic system of the mammalian heart has been almost completely ignored by modern investigators of cardiac physiology and pathology.
In 1954 Rusznyak and his co-workers 4 published their pathologic findings in dogs subjected to obstruction of the cardiac lymph outflow, with and without simultaneous occlusion of the coronary venous sinus. Their technic of obstructing cardiac lymph drainage included occlusion of the thoracic duct. In these animals, kept alive up to 2 weeks after surgery, they reported finding cardiac interstitial edema, frequently with visibly di-From the Cardiovascular Institute, Michael Reese Hospital and Medical Center, Chicago, Illinois.
Circulation, Volume XXIX, April 1964 lated lymph capillaries. Twelve of 13 dogs subjected to coronary sinus ligation as well as lymphatic obstruction died within 3 hours to 6 days. At autopsy there was diffuse hemorrhagic myocardial necrosis, interstitial edema, and markedly dilated lymphatics.
Our interest in the lymphatics of the heart was stimulated by the possibility that chronic impairment of cardiac lymph flow might be important in the pathogenesis of endomyocardial fibrosis or endocardial fibroelastosis. The reasoning by analogy to the consequences of obstruction to the lymphatic system elsewhere in the body is obvious. Our initial studies 5, 6established the validity of the hypothesis-dogs with chronic impairment of cardiac lymph flow developed significant increases in fibrous and elastic tissue in the ventricular endocardium. During the course of these experiments it was noted that ventricular subendocardial hemorrhages were frequent early after lymphatic obstruction, and hence we considered the possibility that these areas of hemorrhage led to fibrosis in the presence of a continued inadequacy of cardiac lymph drainage. Drinker and Yoffey7 and Yoffey and Courtice,5 in their important monographs, had discussed the role of unabsorbed tissue proteins as a cause of fibrosis. More recently, studies in this laboratory have proved that the in-485 1964 NO. 4 jection of autologous blood into the left ventricular myocardium leads to marked fibrosis in the presence of chronically impaired lymph flow. 9 The dearth of abnormalities in appropriate controls with normal lymph flow was striking. Some of the pathologic changes after myocardial blood injection resembled those seen after acute myocardial infarction. We are now investigating the healing processes after acute myocardial infarction in dogs with impaired cardiac lymph drainage.
While we were studying the anatomy of the cardiac lymphatic system in the dog in order to develop an effective method of producing chronic impairment of cardiac lymph flow,> we became interested in the question whether there are lymphatics in the valves of the heart. Patek2 had been unable to find any, but in 1866 Eberth and Belajeff 10 had reported finding subendocardial lymphatics that entered into the atrioventricular and semilunar valves. By using an injection technic while the heart was alive and beating, we were able to demonstrate extensive lymphatic plexuses on the atrial surfaces of mitral valve leaflets in dogs with chronic impairment of cardiac lymph flow." We have as yet made no systematic attempt to study any of the other valves. Our interest in the heart valves, however, has taken another direction. One of our dogs with chronic impairment of cardiac lymph drainage died a few months after the original surgery, and at autopsy had an acute verrucous endocarditis of the mitral valve. This being a unique experience in this laboratory, we initiated a study of the susceptibility of dogs with chronically impaired cardiac lymph flow to staphylococcal endocarditis. The preliminary results indicate that these dogs are distinctly more susceptible to endocarditis of the mitral valve than are normal controls.
For some time we have been cannulating cardiac lymphatics in dogs, with most of our effort being directed to obtaining control data.'2 The cannulation technic is difficult, but we have been reasonably successful. Our data indicate that the cardiac lymph flow in the dog anesthetized with pentobarbital is stibstantially greater than reported previouisly.'
We have confirmed Maurer's 1" observation that hypoxia increases cardiac lymph flow, and preliminary studies on the effects of resistance loads indicate, as expected, a change in the same direction.
In view of our experimental findings, the possibility must be considered that huiman endomyocardial fibrosis and endocardial fibroelastosis are consequences of impaired cardiac lymph flow from presently unknown causes. Such impairment of lymph flow could be congenital or acquired. Moreover, the lymphatics pass from the endocardium to the epicardium, and impairment of lymph flow may be caused by diffuse myocardial disease. It is known, for example, that ventricular endocardial fibrosis is quite common in Chagas' myocarditis.14 We have seen one patient with severe chronic myocarditis, who at necropsy had marked endocardial fibroelastosis."5 The reported association of endocardial fibroelastosis with glycogen tumors of the heart and glycogen-storage disease 16 might be due to interference with lymph outflow by the latter.
As in other areas of the body, chronic interference with lymph flow predisposes to infection and inflammation. This may be important in the perpetuation of chronic myocarditis. Impaired lymph drainage from the heart may be one of the factors that predispose to human bacterial endocarditis, and it is conceivable that this is one of the means by which rheumatic fever predisposes to subsequent bacterial infection. It is unquestionable that the lymphatic system is important in reparative processes after the injection of autologous blood into the myocardium in dogs, and it may well prove equally significant in healing after acute myocardial infarction.
Future studies of cardiac metabolism will have to take the lymph outflow into consideration in order to be completely valid. That this flow can be substantial is beyond doubt,'2 and, indeed, some of the present methods of studying myocardial metabolism may serve to increase it. Thus, catheterization of the coronary sinus may increase cardiac lymph drainage by introducing a resistance to venous outflow. Hopefully, the future will allow for more (ircuilatiorn. Volume XXIX, April 1964' detailed investigations of myocardial metabolism by monitoring lymph and venous outflow, as well as arterial inflow. Such studies might, for example, offer valuable insights into myocardial fat utilization.
We have presented our own studies of the lymphatics of the heart to convince the reader, as we have been convinced, of the importance of this neglected system. Lewis 17 wrote that "The cause of human disease never has been, and never can be, found purely within the walls of a laboratory; there must be at least some association, direct or indirect, with patients." Our plea is for careful observations of material obtained at autopsy from patients. It is only by such observations and their extension to clinical thinking that the propositions here presented, based on animal experimentation, can ultimately be evaluated.
